INTRODUCTION
According to Wilson's (1963a, b) hypothesis, the volcanoes of the Hawaiian-Emperor Chain are formed as the Pacific lithospheric plate moves over a source of magma in the mantle. Morgan (1971 Morgan ( , 1972 proposed that these "hot spots" resulted from "mantle plumes" that rise vertically from the core/mantle boundary and that are fixed about the deep mantle and rotating globe poles. The age of volcanoes increases with distance away from the recent "hot spot" beneath Kilauea volcano. The Hawaiian-Emperor bend indicates that the direction of motion of the Pacific plate changed about 40 m.y. ago.
Recent data on the ages of the Hawaiian volcanoes agree with this hypothesis, although the increase in age with distance away from Kilauea volcano along the chain appears to be not exactly linear (Dalrymple et al., 1974; Jackson, 1976; Jarrard and Clague, 1977) . The Hawaiian-Emperor bend is about 42 m.y. old (Dalrymple and Clague, 1976) . The DSDP Leg 55 data and data on fossil ages of sediments from the holes of DSDP Legs 19 and 32 (Creager, Scholl, et al., 1973; Larson, Moberly, et al, 1975) and the radiometric age of mugearite from Suiko Seamount (Saito and Ozima, 1975) give evidence that a tendency of increasing age with distance from the Hawaiian Ridge is valid also for the Emperor Seamount chain. On the basis of the age of sediments, the minimum age of volcanic rocks from the Meiji Guyot, located on the Obrutchev Rise, is 72 ± 3 m.y. (Creager, Scholl, et al., 1973) .
The Obrutchev Rise, probably representing a continuation of the Emperor Ridge, extends northwestward parallel to the Aleutian deep-sea trench up to its junction with the Kurile-Kamchatka trench, and then on to the Kronotsky Peninsula in Kamchatka ( Figure 1 ). It seems likely that Kronotsky Peninsula is a direct continuation of the Obrutchev Rise, broken by a deep-sea trench. It is probably supported by tectono-magmatic structures of northwestern trend extending in East Kamchatka from Kronotsky Peninsula to the Tumrok Ridge, against the background of structures of northeastern trend general for Kamchatka.
If this assumption is valid, a chain of volcanoes similar to the volcanoes of the Hawaiian-Emperor chain would be expected on a continuation of the Obrutchev Rise in East Kamchatka, and these volcanoes should be older than the Meiji Guyot, i.e., more than 72 m.y. old.
Judging from Morgan's reconstructions (this volume), 1 a former rift zone (Pacific-Kula lithospheric plate boundary) should be roughly at the latitude of Kronotsky Peninsula. A precise position of this boundary, subducted now beneath Kamchatka and the Aleutian Islands, is unknown. This is followed by the fact that the age of volcanoes may not increase but rather may decrease northwestward.
GEOLOGICAL FEATURES OF KAMCHATKA
Three major tectonic belts, corresponding to three geosynclinal systems of different ages, may be distinguished in Kamchatka (Avdeiko, 1971) . The history of their development was described earlier in detail (Avdeiko et al., 1974; Avdeiko, 1977) . Now we shall consider very briefly the principal peculiarities of structure and development of Kamchatka which suggest that the volcanoes of the Hawaiian-Emperor-Obrutchev chain have a common origin and were formed by motion of the Pacific plate over the Hawaiian "hot spot," and that a continuation of this chain may be deduced in Kamchatka. Boundaries between geosynclinal systems of different ages, representing the ancient zones of subduction, are shown in Figure 1 . Rocks of volcanic-siliceous formations, along with spilite-keratophyric associations, mark the early stages of development of these geosynclines. Their ages decrease discretely toward the Pacific Ocean. This regular discrete rejuvenation is also characteristic of the ensuing formations. Correlation of formation in three geosynclinal belts of Kamchatka is presented in Figure 2 .
It is of interest to note that the geosynclinal stage of development of East Kamchatka started about 40 m.y. ago, which coincides roughly with the age of the Hawaiian-Emperor bend, i.e., it corresponds to a change in the direction of motion of the Pacific plate. The geosynclinal stage of development of the Vetveisko-Kamchatka tectonic belt began about 80 m.y. ago-that is, close in time to the supposed change in direction of motion of that Pacific plate, which was fixed by the Emperor-Obrutchev bend (see Figure 1 ). The coincidence may be more complete because the minimum age determined on the basis of sediments overlying volcanic rocks (Creager, Scholl, et al., 1973) for the Meiji Guyot is 72 m.y. An interval between the end of volcanic activity under terrestrial conditions and the beginning of marine sedimentation can be several million years.
The geosynclinal belt of volcanic rocks in East Kamchatka, whose age ranges from 25 to 40 m.y., extends in a northeastern direction, whereas in the Tumrok Ridge and Kronotsky Peninsula, Upper Cretaceous volcanic rocks occur whose age is 85 to 90 m.y. (Erlich et al., 1971) . The lowermost part of the Upper Cretaceous volcanic-sedimentary succession in the Tumrok Ridge, according to Shantser's (1966) data is essentially volcanic. Ultrabasic subvolcanic bodies, lava of picritebasalts and coarse-fragmented tuffs occur at its base. They are overlain by basalts, often pillow basalts intercalated with rare tuff. The thickness of the effusive portion is about 1600 meters. The overlying tuff-siliceous sequence (600 m) is marked by silicified vitroclastic tuffs intercalated with more coarse-grained tuffs and thin andesite-basaltic porphyrites. This succession resembles the structure of oceanic crust where a tuff-siliceous sequence, pillow basalts, and ultrabasic subvolcanic bodies, along with lava flows of picrite-basalts, correspond to the first layer, second layer, and transition zone between the second and third layers of the oceanic crust, respectively. Erlich et al. (1971) described a stock located in the same succession at the junction of the Tumrok and Kumroch ridges in the source of the Pravy Tolbachik River. This stock, 2.5 km in diameter, is composed of gabbro-syenites and teschenites in the 11 Figure 2 . Correlation of formation complexes of the Kamchatka geosynclines (after Avdeiko, 1977) . The location of geosynclines is shown in Figure 1 (8); second (9); and third (10) layers of the oceanic crust; (11) stratigraphic hiatus.
center and pyroxenites and peridotites in the periphery. A series of conic dikes connected with and dipping toward this stock is composed of meimechites and serpentinites. A volcanic-sedimentary sequence lies periclinally relative to this stock. Erlich et al. (1971) consider this stock to be a volcanic vent. The sequence is composed of agglomerate tuffs, basalts, and picrite-basalts. Analyses of picrite-basalts and tholeiites from the Tumrok Ridge and Hawaiian Islands and Emperor Seamounts are shown in Table 1 . Rocks from the Tumrok Ridge have a high abundance of alkalis, in particular K 2 O, and low TiO 2 contents in comparison with lavas from the Hawaiian Islands. The high abundance of K 2 O can be accounted for by secondary alterations like those in lava (Erlich et al., 1971) . 7 -Same without H 2 O and SO3. 8 -Picrite-Basalt from the Tumrok Ridge (Avdeiko et al., 1974) . 9 -Same without H 2 O. 10 -Average composition of Hawaiian tholeiite (Macdonald and Katsura, 1964) . 11 -Tholeiite from the Tumrok Ridge, average of 5 analyses (Erlich et al., 1971) . 12 -Same without H 2 O, CO 2 , or SO3.
of the Emperor Seamounts. However, the low abundance of TiO 2 makes us doubt the reasoning of their comparison with lavas from the Hawaiian Islands and Emperor Ridge. It is worthy of note that lavas from the Tumrok Ridge poured out under submarine conditions, probably in the initial (submarine) period during a stage of shield edifice building, whereas in the Hawaiian Islands the reliable analogues of this stage are unknown (Macdonald and Abbot, 1970) . A similar succession of Upper Cretaceous effusives with pillow lavas was found also on Kronotsky Peninsula. However, here and in the Tumrok Ridge separate volcanic edifices similar to the Hawaiian shield volcanoes were not found.
DISCUSSION
The Obrutchev Rise, on the northern end of the Emperor Ridge, seems to be a genetic continuation of the Hawaiian-Emperor chain. It was formed by motion of the Pacific plate over a "hot spot". This is indicated by hawaiitic lavas found at the base of Site 192 on the Meiji Guyot (Creager, Scholl, et al., 1973) . The Obrutchev Rise is connected with the Emperor Ridge through a bend (see Figure 1) . The Emperor-Obrutchev bend, like the Hawaiian-Emperor bend, fixes a change in the direction of motion of the Pacific plate. Data on the time of the beginning of geosynclines in Kamchatka indirectly point to changes in the direction of motion of the Pacific plate. Just as the Hawaiian-Emperor bend corresponds to the beginning of the East Kamchatka geosyncline, the Emperor-Obrutchev bend corresponds to the beginning of the Vetveisko-Kamchatka geosyncline. In both cases, a change in the direction of plate motion leads to generation of a new geosyncline.
The northwestern direction of motion of the Pacific plate in the Cretaceous period seems to be fixed also by the Mid-Pacific Mountains, joining with the Line Islands and Marshall Islands, which join with the Gilbert Islands.
The Kronotsk-Tumrok transverse zone in East Kamchatka is located on a direct continuation of the Obrutchev Rise. At present, reliable data on their genetic connection are absent. Additional studies are needed to support or disprove such a supposition. It is necessary to:
(1) Reveal individual volcanoes along the line Kronotsky Peninsula-Tumrok Ridge and compare them with the volcanoes of the Hawaiian Islands and Emperor Seamount Ridge.
(2) Determine more precisely the age of volcanic rocks similar to those from the Hawaiian Islands, if such rocks are found.
(3) Determine paleolatitudes of lava outpourings.
(4) Compare a succession of sedimentary rocks overlapping volcanites in the Kronotsk-Tumrok transverse zone and sediments which have been drilled in the Emperor Ridge. This work has been started at the Institute of Volcanology, FESC, USSR Academy of Sciences.
If a supposition that the Kronotsk-Tumrok transverse zone is a genetic continuation of the Obrutchev Rise is confirmed, it will be necessary to search for one other mechanism of plate interaction in the subduction zone. It is likely that the underthrusting of the lithospheric plates is incomplete, owing to high buoyancy of aseismic ridges. This resulted in the formation of arrow-like arc junctions, e.g., the Kuril-Aleutian cusp (Vogt et al., 1976) . As it was proposed earlier (Avdeiko, 1971 ) on the basis of evolution of the Kamchatka geo-synclines, a continuation of oceanic structures on margins of continents may be indicative also of overjumping subduction zones (see Figures 1 and 2) .
